The purpose of present investigation was to compare the cyto-genotoxicity induced by five dental alloys in vitro. The cyto-genotoxicity induced by five dental alloy extracts on human B lymphoblast cells was assessed with neutral red uptake (NRU) , CCK-8, comet and micronucleus (CBMN) assays in vitro, respectively. The results of in vitro comet and CBMN assays indicated that DNA damage (% tail DNA) and micronucleus frequencies (MNFs) in all exposure groups did not significantly increase, as compared with the control group. However, the results of NRU and CCK-8 assays demonstrated that there were to some extent differences in the cytotoxicity among 5 dental alloy extracts in vitro. The cytotoxicity may be relevant to the Ni and Be ions released in the alloy extract.
INTRODUCTION
Dental alloys have been widely used for casting fixed or removable prosthesis, dental implants and orthodontic applications. The dental alloys, consisting of Nickelchromium or Cobalt-chromium, are still commonly utilized in some developing countries. However, Nickelchromium and Cobalt-chromium alloys contain heavy metals (e.g. Ni, Cr and Co) that are considered human carcinogens or possible carcinogens by the International Agency for Research on Cancer 1) . When dental alloys are placed in the patient's oral cavity, the oral epithelial cells are often directly or indirectly exposed to the dental alloys for long-term. It is well known that the dental metal materials can be corroded in the oral environment as saliva is a kind of electrolyte. It has been reported that the corrosion products from Ni-Cr-based alloys can decrease cellular proliferation 2) . The metal ions released from Ni-Cr-based dental alloys interfere with cellular energy metabolism 3) . Accumulation of Ni 2+ ions from alloys in oral tissues may affect keratinocyte viability and chronic inflammation 4) . Also some studies indicated that dental alloys may cause increased inflammation in humans 5, 6) . Moreover, Cr, Ni and Co metals, which are the important compositions of Ni-Cr-based and Co-Cr-based dental alloys, can induce the genotoxicity in vivo or in vitro [7] [8] [9] [10] . Therefore, the cytotoxicity and genotoxicity of dental metal materials are of high concern.
The neutral red uptake (NRU) and CCK-8 assays were commonly used to detect the cytotoxicity induced by different kinds of chemicals and nickel-free stainless steel 11, 12) . The comet and micronucleus (CBMN) assays have been utilized to determine DNA damage or chromosome damage and to detect the genotoxicity induced by metal materials in vitro 13) . On the other hand, the dental alloy extracts prepared with medium have been utilized to assess the element release, biocompatibility, cytotoxicity and genotoxicity of dental alloys in vitro 11, 13) . Human blood cells circulate in the body and can reflect the extent of body exposure, so the lymphocytes are good surrogate cells, and a cultured cell line is better than comparatively short-lived primary cells for investigation of toxic mechanisms, also human B lymphoblast cells were used as target cells to study the cytotoxicity and genotoxicity induced by chemicals in vitro 12, 14, 15) . In present investigation, three Ni-Cr-based and two Co-Cr-based dental alloys are commonly used for the fixed and removable dental prosthesis due to good mechanical properties as well as their low prices. However, the study of cyto-genotoxicity and comparative study of these five dental alloys have not yet been reported. So it is necessary to investigate the cytogenotoxicity of these five materials. The aims of present investigation were to detect whether these five kinds of dental alloy extracts can induce the genotoxicity on human B lymphocytes with comet and CBMN assays in vitro, and to compare the differences of cytotoxicity caused by 5 kinds of dental alloy extracts on human B lymphocytes with NRU and CCK-8 assays in vitro. Table 1 . The round discs (10 mm diameter ×1.5 mm thick) of five dental alloys were fabricated using a conventional wax-lost technique. The casting processes were performed according to the manufactures' instructions. After mechanical grounding and polishing as previous study on cytotoxicity evaluation of metal materials reported by Takeda et al 16) , the alloy samples were ultrasonically cleaned in deionized water for five minutes. Finally, all alloy samples were air-dried and sterilized by conventional steam sterilization at 134°C for 30 min.
MATERIALS AND METHODS

Preparation of dental alloys and extracts
The extracts of five alloys were prepared according to the method described by Montanaro et al. and Tavares et al. with modification 11, 13) , the alloys were immersed in Iscove's Modified Dulbecco's Medium (IMDM, HyClone, USA) supplemented with 10% fetal bovine serum (HyClone, USA) in an incubator with fully humidified atmosphere and 5% CO2 at 37°C for 72 h, then the extracts were kept at −85°C. The ratio of the surface area of each sample (cm 2 ) to the volume of medium (mL) was adjusted to 1:1.3 17) . The released metal elements of these extracts were detected by Inductively Coupled Plasma Mass Spectrometer (ICP-MS) (Serial No: EX228, Thermo Elemental Corp., USA)
Cell culture and treatment
The human B lymphoblast cell line (HMy2.CIR) was from the Cell Bank of Academy of Sciences (Shanghai, China). The cells were cultured in IMDM medium (Hyclone, Logan, UT, USA) plus 10% fetal bovine serum (HyClone) at 37°C, 95% air and 5% CO2 in a humidified incubator. When the density of cells reached 1×10 6 cells/ mL or more, the cells were sub-cultured every 2-3 days. The human B lymphoblast cells were plated into 24-well plates at a density of 50,000 cells mL −1 culture medium per well at 37°C for 24 h to allow the cells to grow.
Cells were exposed to extracts of 5 dental alloys at the doses of 56.5, 112.5, 225, 450 and 900 µL/mL, respectively. IMDM and 0.2 µg mL −1 vincristine (VCR) (Sigma, USA) served as negative and positive controls, respectively. Exposure time was 48 h.
Neutral red uptake (NRU) assay
Neutral red uptake assay (NRU) was performed on the basis of the method described by Zhang et al., Repetto et al. and Putnam et al. with minor modification 12, 18, 19) .
After exposure to extracts, cells were washed three times with phosphate-buffered saline (PBS) in an eppendorf tube, and 200 µL of the neutral red (Sigma) working solution at a final concentration of 2.5 µg mL −1 was added into the eppendorf tube. The eppendorf tube was incubated in a cell culture incubator at 37°C for 3 h. The neutral red solution was then removed by centrifugation (1,000 rpm, 5 min), and the neutral red desorbing fixative solution (1% glacial acetic acid, 49% water, 50% ethanol) was added into the eppendorf tube, which was shaken for 20 min. The neutral red absorption was measured at wavelength 540 nm on a spectrophotometer (Multscan, Thermo, USA). The cell viability (%) was calculated using the following formula: Cell viability (%)=absorbance540nm alloy extracts sample×100%/ absorbance540nm negative control.
CCK-8 assay
The cell viability was measured using Cell Counting Kit-8 (Dojindo, Kumamoto, Japan) 20) . After exposure to extracts, cells were washed twice, then 100 µL of cell suspension (5,000 cells) was added into each well of a 96-well plate. After adding 10 microliters of CCK-8 solution into each well, the plate was incubated at 37°C for 2 h. The absorbance was measured by a spectrophotometer (Multscan, Thermo, USA) at 450 nm. The cell viability (%) was calculated using the following formula:
OD (experiment) refers to the absorbance of a well with treated cell and CCK-8, while OD (blank) is the absorbance of a well with medium and CCK-8 but without cells, and OD (control) is the absorbance of a well with untreated cells and CCK-8.
Cytokinesis-block micronucleus (CBMN) assay
The cytokinesis block micronucleus (CBMN) assay was carried out using a protocol described by Fenech 21) . Briefly, after the cells were exposed to extracts at the different concentrations for 48 h, the medium containing extracts was removed via washing, the cells were resuspended in fresh culture medium, and cytochalasin Table 1 The main chemical composition of five dental alloys Ni-Cr-Ti TILITE"V" Talladium Inc, USA Ni-66%, Cr-14%, Mo-7%, Ti-4%
Co-Cr-Mo N.P. Partial Bego, Germany Co-64%, Cr-28%, Mo-6%
Co-Cr-Mo-W Starlog C DeguDent GmbH, Germany Co-59.4%, Cr-24.5%, Mo-1.0%, W-10.0%
* The data were from the manufacturers.
B was added at a final concentration of (4.5 µg mL −1 ). The cells were harvested at 24 h after the addition of cytochalasin B. The cell suspension was dropped on the microscope slides and stained with 10% pH 6.8 Giemsa solutions for 10 min. One thousand binucleated (BN) lymphocytes (500 cells per culture) were scored under the light microscopy (magnification 400×). The scoring criteria were from the description of Fenech 21) . Micronucleus frequency (MNF) was determined in 1,000 BN lymphocytes. After 500 lymphocytes were randomly scored, nuclear division index (NDI) was calculated on the basis of following formula:
M1-M4 represent the numbers of cells with 1-4 nuclei and N (500 cells) is the total number of viable cells scored 21) . One scorer analyzed all the slides for this study.
Comet assay
The comet assay was performed according to the method described by Singh et al. 22) . After the cells were exposed to extracts at the different concentrations for 48 h, cell viability was assessed by trypan blue dye-exclusion staining, and was over 90% for all tested doses. The cells were then embedded in 0.5% low melting point agarose at a final concentration of 10 4 cells/mL. 75 µL of this cellular suspension was then spread onto a frosted slide that had previously been covered with 100 µL of 1% normal melting point agarose as the first layer. Slides were immersed in freshly prepared lysis solution (1% sodium sarcosinate, 2.5 M NaCl, 100 mM Na2EDTA, 10 mM Tris-HCl pH 10, 1% Triton X-100 and 10% DMSO) at 4°C for 1 h. The slides were then placed in a horizontal electrophoresis unit covered with fresh buffer (1 mM Na2EDTA, 300mM NaOH pH 13) for 20 min to allow DNA unwinding and expression of alkali-labile sites. Electrophoresis was conducted for 20 min at 22 V and 300 mA. After electrophoresis, the slides were washed gently 2 times in neutralization buffer (0.4 M Tris-HCl, pH 7.5). Each slide was stained with 40 µL of ethidium bromide (20 µg/mL). All the above steps were conducted under yellow light to avoid additional DNA damage. The slides were scored on a fluorescence microscope (Olympus, BX51) equipped with a 530 nm excitation filter, a 590 nm emission filter, and a camera (Olympus, DP50). The CASP software was used to analyze the comets. One hundred cells per sample were randomly selected, i.e. 50 cells were from each of the two replicate slides. The % tail DNA and olive tail moment (OTM) served as DNA damage indicators 23) .
Statistical analysis
Each in vitro experiment was repeated at least three times. Paired t-test was used to compare the differences between samples exposed to the same extract concentrations. One-way ANOVA followed by LSD post-hoc tests (equal variances) or Dunnett's T3 post-hoc tests (unequal variances) were used to analyze differences between samples at different doses. The statistical analysis was performed with the program SPSS 11.0 for Windows.
RESULTS
The metal contents in extracts of five dental alloys
The results were listed in 
The results of neutral red uptake (NRU) assay
The results are shown in Fig.1 . The cell viability of all groups was significantly lower than that of the negative group (p<0.01 or p<0.05) except for the NP alloy extract at the dose of 56.5 µL extracts /mL. At the doses of 112.5-900 µL extracts /mL, the cell viability of VB group was significantly lower than that of KN, TV, NP and SC groups (p<0.01). At the doses of 450-900 µL extracts / mL, the cell viability of KN group was significantly lower than that of NP group (p<0.01). At the doses of 225 and 900 µL extracts /mL, the cell viability of TV group was significantly lower than that of NP group (p<0.01). At the doses of 112.5 and 225 µL extracts /mL, the cell viability of SC group was significantly lower than that of NP group (p<0.01). Table 2 The contents of metal ions in five dental alloy extracts (ug/L , mean ± SD) 
The results of CCK-8 assay
The results are indicated in Fig.2 . At the doses of 112.5-900 µL extracts /mL, The cell viability of the NP group was significantly higher than that of the VB group (p<0.01). At the exposure dose of 900 µL extract /mL ,the cell viability of the SC group was significantly higher than that of the VB group (p<0.01). When the exposure dose was 900 µL extract /mL, the cell viability of NP group was significantly higher than that of KN group (p<0.01).
The results of CBMN assay
The results are exhibited in Table 3 . MNFs induced by VB, KN, TV, NP and SC extracts did not increase Fig. 1 The results of NRU assay in human B lymphoblastoid cells exposed to the extracts of 5 alloys in vitro. NUR: neutral red uptake assay; VCR: vincristine. a: As compared with control, p<0.05; b: As compared with control, p<0.01; c: As compared with KN at the same doses, p<0.01; d: As compared with VB at the same doses, p<0.01; e: As compared with TV at the same doses, p<0.01; f: As compared with NP at the same doses, p<0.01. significantly when compared with the control (p>0.05). Also there was no significant difference of NDI between 5 alloy extracts and the control (p>0.05). 
The results of comet assay
The results are displayed in Table 4 . DNA damage (% tail DNA) induced by VB, KN, TV, NP and SC extracts did not increase significantly when compared with control (p>0.05). Also there was no significant difference of OTM between 5 alloy extracts and control (p>0.05). Figure 3 (a) shows the lymphocyte with the tail.
DISCUSSION
Some studies of in vitro genotoxicity about nickeltatinium and tatinium alloys and their precious biocompatibility have been performed. Ribeiro et al. suggested that all dental implants tested in their study did not induce DNA breakage in the single-cell gel (comet) assay 24) . Assad et al. used three assays to assess potential damage induced by titanium-nickel alloy, and found that no significant increase in the number of chromosomal aberrations, bacterial revertant colonies and micronuclei observed in the presence of PTN extracts when compared to negative control exposition 25) . Montanaro et al. utilized sister chromatid exchanges (SCE) assay, chromosomal aberrations (CA) assay and Ames test in vitro to detect the genotoxicity of the nickelreduced stainless steel and the conventional stainless steel. Their results indicated the absence of obvious genotoxicity for both tested alloys 11) . Tomakidi et al. detected the genotoxicity of 4 metal alloys with comet assay in vitro, the assessment of genotoxicity revealed no apparent DNA damage to immortalized gingival keratinocytes 17) . However, Tripuraneni et al. reported the results of micronucleus assay in vitro which showed that the genotoxicity of nickel-chromium base metal alloys in their reused state increased significantly when compared to the 100% new alloy group and controls 26) . The results of comet and CBMN assays in present investigation showed that the extracts of the five dental alloys could not induce significant DNA damage and MN on human B lymphoblast cells in vitro, which were similar to the results of above most studies.
Also the studies of cytotoxicity for metal alloys have been performed in vitro. Assad et al. conducted the cytocompatibility elution test to detect PTN toxic potential at the in vitro cellular level, and found that no reactivity was measured in cell layers exposed to PTN extracts or the negative controls 25) . Montanaro et al. reported the absence of significant cytotoxicity of a nickel-reduced stainless steel on L929 fibroblasts in NRU assay in vitro 11) . However, Wang et al. evaluated the cytotoxicity of five prosthedontic materials and reported that the Ni-Cr alloy-procelain and Co-Cr alloyprocelain groups induced much higher apoptosis rates by flow cytometry analysis, and the cytotoxicity of all the materials was determined to be grade 1 by MTT assay 27) . In present investigation, the results of in vitro NRU and CCK-8 assays demonstrated that all tested alloy extracts could induce the cytotoxicity on human B lymphoblast cells to some extent. Moreover, there were some differences of cytotoxicity among 5 dental alloys extracts in CCK-8 and NRU assays. For example, the NP alloy extract was the lowest, and the cytotoxicity induced by the VB alloy extract was higher in both CCK-8 and NRU assays. There was significant difference between two alloy extracts. Yamamoto et al. and Shettlemore et al. suggested that the toxic response depends upon the type of metal as well as on the valence and the concentration 28, 29) . On the other hand, Shettlemore et al. revealed that the Ni in 0.1% NaCl medium extracted from a nickelchromium alloy was of bivalent form, and the Cr was of trivalent form, not the more toxic sexivalant form, and the cytotoxicity of Ni 2+ seems to be more toxic than that of Cr 3+ according to EC50 29) . This hypothesis may explain that the cytotoxicity of VB alloy extract being the highest.
The results of present investigation revealed that the Ni in VB alloy extract was significantly higher than those in KN and TV alloy extracts, the Cr in VB alloy extract did not increase significantly, as compared with KN and TV alloy extracts, but the cytotoxicity of VeraBond alloy extract was significantly higher than those of KN alloy and TV extracts in NRU assays. Accordingly, the higher cytotoxicity induced by VB alloy extract in NRU assay may be associated with the content of Ni. On the other hand, the metal composition of dental alloys may influence the release of ions. KN and TV alloys are of higher composition in Cr and Mo elements. Cr and Mo can result in a stable passive layer on the surface of dental alloys to decrease ions release 30) . Another reason of the less cytotoxic effects of alloys with rich Cr and Mo may be due to their own low toxic nature 31) . Moreover, the content of Be detected in VB extract may play a negative role in cytotoxic effects when 1.95% weight of Be was added to bulk VB alloy [31] [32] [33] . In present investigation in vitro, the results of cytotoxicity were different from the results of genotoxicity. The differences in the results between cytotoxic assays (CCK-8 and NRU) and genotoxic assays (CBMN and comet) may be due to their diverse tested end-points. Comet and CBMN assays are used to detect DNA and chromosomal damage in nucleus, while the measured end-point of NUR assay is active endocytosis by detecting the uptake of dye into lysosomes of living cells, and the measured end-point of CCK-8 assay is the activity of living cells through assessing the activity of mitochondrial dehydrogenases 19) . In present study the extract preparation of the five alloys was performed using the static extract method, according to the description by Montanaro and Assad 11, 25) . and the results of comet and CBMN assays were negative. However, the dynamic extract methods 16, 17) have been reported, which may influence the results of comet and CBMN assays, so we should pay attention to the methods of preparing the extracts of alloys in further investigations. Although the results of in vitro experiments can not be extrapolated directly to the results of in vivo experiments or to the results of human monitoring, the results of in vitro experiments can provide the basis for clinical applications of dental alloys so that we may choose the dental alloys with low cytotoxicity as the materials of dental prosthesis.
CONCLUSION
On the basis of the results of present study, it may be concluded that the extracts of the tested dental alloys (three Ni-Cr-based and two Co-Cr-based alloys) did not significantly induce DNA damage and chromosomal damage on human B lymphoblast cells in comet assay and CBMN assay in vitro. However, in CCK-8 assay and NRU assay in vitro, there were to some extent differences of the cytotoxicity among 5 dental alloy extracts. For example, the cytotoxicity induced by NP alloy extract was significantly lower than that induced by the VB alloy extract. The cytotoxicity may be relevant to the Ni and Be ions released in the dental alloy extract.
